Abstract. The longest-known and brightest Galactic gamma-ray line is the line at 511 keV from positron annihilation. Despite two decades of observations, however, the distribution and sources of this line are not well understood. It is only with a steadily increasing database, primarily from OSSE but including other instruments, combined with increasingly sophisticated algorithms to deconvolve image information, that we are now beginning to grasp the shape of the distribution.
I INTRODUCTION -BEFORE COMPTON
A gamma-ray line with energy slightly below 0.5 MeV was rst detected from the direction of the Galactic Center (GC) in 1970 (Johnson et al. 1972 ) with a scintillator experiment having limited energy resolution. In 1977, an observation with a high-resolution germanium spectrometer showed that the line was narrow and at precisely 511 keV, establishing it as positron annihilation radiation (Leventhal et al. 1978) . The apparent shift in the lowerresolution scintillator was due to the three-photon continuum from the decay of orthopositronium, which peaks just below 511 keV, as had been suggested earlier (Leventhal 1973) .
The annihilation line is the longest known and most studied extra-solar gamma-ray line. The history of our understanding of this emission before Compton is discussed in depth in the review paper by Tueller (1993) in the Proceedings of the rst Compton Symposium.
In brief, after the narrow nature of the line and the presence of the orthopositronium continuum were established, there were two important conclusions drawn before the era of Compton. The rst was that its ux increases with the aperture of the instrument viewing it, implying that the source is extended on a scale of tens of degrees (Albernhe et al. 1981; Dunphy et al. 1983; Teegarden 1994) . Figure 1 shows the ux as a function of aperture for a large number of missions.
The second and more controversial conclusion was that the source is variable. The principal evidence for this was a series of balloon ights from 1977 through 1986 (see Leventhal et al. 1986 and references therein), which indicated a sharp drop in ux around 1980. Figure 2 shows these data as part of a time history of 511 keV ux measurements, with no correction for eld of view. This drop was originally reported by HEAO-3 (Riegler et al. 1981) , but a later analysis of those data indicated that the change was not statistically signi cant (Mahoney et al. 1994 ). An extended source and rapid change are not compatible for two reasons: the usual light-travel-time argument, and also the time required for positrons to slow down, possibly form positronium, and annihilate in the interstellar medium, which is on the order of 10 5 years (Guessoum et al. 1991) . Therefore a two-component model, with an extended source of uncertain shape and a variable point source close to the GC, was the most sophisticated understanding we had of the distribution before the launch of Compton (Lingenfelter & Ramaty 1989) .
The main candidate for the variable point source was 1E 1740.7-2942, a bright and extremely hard x-ray source about 1 from the GC, which is considered a black-hole candidate because its spectral shape and intrinsic luminosity are identical to those of Cyg X-1 in its hard (low) state. From 1990 to 1992, three discoveries were made which brought attention to this object: a 1-day are of a bright, broad emission line near 400 keV seen with the SIGMA imager on GRANAT (Sunyaev et al. 1991; Bouchet et al. 1991) ; a dense molecular cloud in the line of sight of, and possibly surrounding, the object (Bally & Leventhal 1991; Mirabel et al. 1991) ; and its radio emission, in the form of a variable core and two well-formed lobes (Mirabel et al. 1992) . Ramaty et al. (1992) concluded that a large number of electron/positron pairs are created in brief aring events, and that while some annihilate immediately in the accretion disk, giving the prompt, broad line, others escape via the jets into the molecular cloud, giving variations in the narrow line over a few years.
A number of other transient emission features have been reported which may be associated with positron annihilation, but Compton has contributed a number of upper limits and negative results on such features. The review article by M. Harris in these proceedings discusses the controversy in detail.
The extended source was (and still is) interpreted as due in a large part to positrons from the from the decay of freshly synthesized radioisotopes. The decays of 26 Al and 44 Ti, in addition to producing characteristic gammarays (see the review by Diehl & Timmes in these proceedings), also produce positrons, as does the decay of 56 Co, which is produced in supernovae much more copiously than the others, but which decays quickly enough that only a small and uncertain fraction of the positrons escape the ejecta to annihilate in the ISM. Therefore supernovae, novae, and Wolf-Rayet stars, all of which eject at least some of these isotopes into the ISM, are positron sources. If black holes besides 1E 1740.7-2942 produce positrons, they would not annihilate within a few years (since there would be no coincident molecular cloud), but could create hotspots in the extended emission.
II COMPTON RESULTS BEFORE THIS

SYMPOSIUM
By the time of the rst Compton Symposium in 1992, Purcell et al. (1993a) had already compiled and analyzed a number of OSSE pointings around the GC from Phase I, and had already produced the best spatial information available about the annihilation line. Fitting various models, they found that distributions dominated by the disk (CO, visual luminosity, etc.) were clearly rejected, and that the Galactic bulge dominated the emission. Other results presented in that paper included: a value for the positronium fraction (.96+/-.04) which is virtually the same as today's best OSSE value; the rst joint modeling of OSSE results with those of another instrument (the Solar Maximum Mission Gamma-Ray Spectrometer -SMM/GRS); and the rst search for variability by plotting the residuals of each pointing after the model is subtracted (no variability was seen). The SMM/GRS data are particularly complementary to OSSE, since they integrate over a very large eld of view (see Figure 1 and Figure 2 ). These results (with less emphasis on tting the distribution) were also presented in The Astrophysical Journal Letters (Purcell et al. 1993b ).
An independent analysis using the Phase I OSSE data together with balloon observations from 1977-1989 was published by Skibo et al. (1992) . They concluded that a variable point source was necessary (based mostly on the balloon data), and demonstrated that several physically plausible distributions (COSB gamma-rays, CO, hot plasma, warm gas, pulsars, and novae) failed to t the combined data well, even when a variable point source was allowed; of the choices, the best t was from the nova distribution.
In the next report from the OSSE team, at the second Compton Symposium (Purcell et al. 1994) , the OSSE 511 keV database contained more pointings; more sophisticated models were t to the data, although the principal conclusion was still that the bulge dominates the disk; and results from another instrument (the GRIS balloon) were included in the joint ts. In the conclusion it was suggested that the disk component is due to decay of 26 Al, while the bulge component is due to decay of 56 Co and 44 Sc from Type Ia supernovae. Ramaty et al. (1994) , continuing the work presented in Skibo et al. (1992) , found their results changed by the inclusion of the additional OSSE data: a point source or extended spheroid added to one of the disk-based distributions was now necessary, a conclusion which agreed with that of Purcell et al. (1994) .
At the San Antonio meeting of the American Astronomical Society in 1995, W. Purcell presented model ts to combined data from OSSE, SMM/GRS and other instruments. The model included a Galactic bulge component, a very broad circular halo which carried most of the high ux seen by SMM/GRS, and a narrow disk which was very faint, including just enough ux to be consistent with the 1809 keV radiation from 26
Al. At the third Compton Symposium, the OSSE team presented results from a subset of the data with the long axis of the collimator parallel to the Galactic Plane (Kinzer et al. 1996) . It was demonstrated that the positronium continuum and annihilation line had similar pro les in Galactic longitude; in other words, the high positronium fraction (0:97 0:03) remained constant. Tueller et al. (1996) , in the same proceedings, looked only at those OSSE data with the collimator perpendicular to the Galactic plane and near the GC, to nd the center of the bulge component in Galactic longitude. They pointed out that their best t, b = (?1:36 0:33) , was more consistent with 1E 1740.7-2942 than with the GC itself. Also at the third Symposium, Smith et al. (1996b) , in a paper discussing BATSE upper limits on annihilation transients, reported that the Galactic center line could seen with BATSE.
Recently, the analysis of the annihilation distribution with OSSE has taken the biggest step since the publication of the Phase 1 results, with the adoption of model-independent mapping techniques. Purcell et al. (1997a) Gull & Daniell 1978) . Both maps used OSSE data through Cycle 5 as well as results from HEAO-3, SMM/GRS, TGRS, and balloon instruments; only the OSSE data contributed signi cantly to the detailed structure derived, however. The data from the other instruments, which all have larger elds of view, set the amount of broader, low-surface-brightness emission, which can be invisible to OSSE if it appears in both its source and background pointings. Both maps showed a bright Galactic bulge and faint Galactic disk, consistent with all the previous model-tting work with the OSSE data, but also showed a feature which none of the modelers could have predicted, and never looked for: bright spot at roughly l = ?4 ; b = +7 , with about half the ux of the bulge component. Cheng et al. (1997a) pursued the MEM procedure in greater detail, introducing a positivity constraint on the map and doing a bootstrap analysis to estimate the signi cance of the new feature, which was 3.5 .
III NEW RESULTS
At this Symposium, W. Purcell presented the latest model-independent mapping results, which are being submitted to The Astrophysical Journal (Purcell et al. 1997b ). The most important addition is the Cycle 6 data, which consisted of rectangular grids of OSSE pointings at two di erent collimator angles, to get a nearly uniform exposure over an approximately 20 20 eld around the Galactic Center. This improved the data set considerably, which had been an ensemble of unrelated pointing strategies giving an uneven exposure. The high-latitude feature also appears when the Cycle 6 data are used alone, which is a very important con rmation. A Singular Value Decomposition (SVD) algorithm replaced BPI as the alternative to MEM, and of the non-OSSE data, only SMM/GRS and TGRS were retained. The location of background pointings was not available for the various balloon observations, and may be of importance in their interpretation; furthermore their statistical signi cance was lower. Finally, new model-tting was done, with the inclusion of the high-latitude feature, as a check on the other algorithms. Figure 3 shows the SVD map including all data through Cycle 6.
In Purcell et al. (1997b) , the high-latitude feature is found to be extended, and in fact larger than the Galactic bulge feature: 10 vs. 4 FWHM.
The exact values and errors vary slightly with which algorithm is used and whether the non-OSSE data are included. The ux of the high-latitude feature is now understood to be comparable to the Galactic bulge ux ( 4 10 ?4 ph cm ?2 s ?1 ), which only looks brighter because the Galactic plane component is (presumably) also present \underneath" it and because it is more compact.
The best t centroid for the high-latitude feature is approximately l = ?2 , b = 9 , but with a couple of degrees uncertainty due to its extent.
In contrast to the ts presented in San Antonio in 1995, the disk component now carries most of the ux seen by the large eld-of-view instruments, and a circular halo is not needed in the t. The disk is no longer narrow in latitude, but broad ( 12 FWHM). Two changes made this the better tting model: the introduction of new OSSE data, and an improvement in the way the SMM/GRS angular response is treated. It cannot be ruled out that there may be both broad and narrow disk emission, in fact it is likely; but it is not required to t the current data set.
A special evening session was held at this Symposium to discuss the highlatitude feature and related issues. C. Dermer presented a model (Dermer & Skibo 1997) which invokes a modest starburst of Type II supernovae in the Galactic Center region. In this model, hot gas from the ensemble of supernovae breaks out of the galactic disk and erupts into a fountain, carrying to high galactic latitudes both the positrons and the medium required for their annihilation. Indeed, any model which places the emission as far as the Galactic center must also allow for a signi cant amount of ordinary matter to be transported to high latitudes. Other sources of positrons and energy to drive the \fountain" were suggested by Purcell and others: a pair jet from the black hole at Sgr A*, a pair jet from a solar-mass black hole, or a single gamma-ray-burst-like event within the past 10 6 years.
It is worth stressing that the 511 keV observations do nothing to discourage the interpretation of the high-latitude feature as being in the foreground, and therefore possibly in the Galactic plane (Purcell et al. 1997b ). The images are not ne enough to determine if there is a bridge of emission between the bulge and high-latitude sources. At least one candidate foreground source was mentioned brie y by F. Mirabel, who noted that Nova Ophiuchus 1977 (V2107 Oph), a black-hole x-ray nova, is consistent with the position of the new feature.
Finally, Purcell et al. (1997b) also address the possibility of emission from 1E 1740.7-2942. They nd that the longitude o set of the bulge is small ( 0:4 ), and not statistically signi cant. Furthermore, a t which includes a point source at 1E 1740.7-2942 as well as the bulge, disk, and high-latitude features gives a null result: (0:5 5:3) 10 ?5 ph cm ?2 s ?1 ), the most sensitive limit yet reported.
Other annihilation-related results at this meeting included two from GRIS, a balloon-borne germanium spectrometer. Cheng et al., (1997b) using data at di erent atmospheric depths and a blocking crystal which chopped the balloon instrument's very large eld of view, nd excess 511 keV ux above the extrapolation of the atmospheric emission to zero atmospheric depth; this may be due to an isotropic, or near-isotropic, 511 keV ux from the sky. L. Cheng also mentioned that during this same ight, in which the instrument pointed at the zenith, there was an indication of excess emission as the galactic plane (near l = 240 ) passed overhead, in addition to the expected excess from the Galactic center. Taken together, these results suggest foreground emission over much of the sky; the Local Bubble and the Gould belt of nearby starforming regions are possible candidate sources. If the new high-latitude feature from OSSE is local, such hotspots could be fairly numerous; the OSSE feature could be the rst to be found simply because it is in the region which has been intensely examined.
An OSSE upper limit to 511 keV radiation from the extraordinarily active black hole candidate GRS 1915+105 is reported in these proceedings (Smith et al. 1997a) , and interpreted as a joint limit on the past activity of this object and the positron fraction in its radio jets.
Also in these proceedings, Smith et al. (1997b) give a total annihilation ux measured with BATSE of 1:53 0:04 10 ?3 ph cm ?2 s ?1 , consistent with other wide-eld-of-view instruments (Share et al. 1990; Teegarden et al. 1996) . Ling et al. (1997) have also seen the 511 keV line with BATSE using a completely di erent algorithm and data format. It remains to be seen if Earth occultation will provide useful mapping information from BATSE data at 511 keV.
In summary, the current results seem to be drawing our gaze in two directions simultaneously: inward to smaller scales around the Galactic center, in the hope of using structure on the 1 scale to distinguish among models for the Galactic bulge and high-latitude emission, and outwards beyond the Galactic center and the narrow plane, searching for smooth or patchy emission from any and all parts of the sky to reconcile all the wide-eld-of-view observations. 
